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Kennecott
September 22, 1995

Lowell P. Braxton
State of Utah Dept. of Natural Resources
Div. of Oil, Gas, and Mining
355 West North Temple
Salt Lake City, Utah 84180-1203

Dear Mr. Braxton:

Enclosed for your consideration is an extension of the previously approved biosolids
demonstration project, which is under the direction of R.L. McNearny of the University of Utah.
Attached is a proposal from R. L. McNearny which contains three maps showing the layout of
the three sites, designated as sites 5, 6, and'7.

Site 5 is a long linear site which follows a zone of mildly acid soils located from the south side
to the west side of the tailings embankment. Lime will be disked into designated plots prior to
the addition of biosolids. The amount of lime that will be added is based on the latest acid-base
neutralization tests and calculations performed by Kennecott. Four sites designated as 'blue"
on the map will include 11 tons of lime/acre, disked to a depth of 6 inches; four "rel' sites with
22 tons of lime/acre, disked to a depth of 12 inches; and four "orange" sites with 33 tons of
lime/acre, disked to a depth of 18 inches. Two "white" control sites are also included. The
entire site will receive 30 tons of biosolids/acre that will be disked into the tailings.

Site 6 is located on the south side of the tailings impoundment. This site will include four plots
each of 0 (control), 10,20, and 30 tons of biosolids/acre. Three additional "no till" plots will
be added to test the effectiveness of planting directly into the biosolids. These additional plots
are approximately one-half acre each and are designated at "NT" on the map.

Site 7 is located on the east side of the impoundment. This site will include four control plots,
four plots with 20 tons of biosolids/acre, four plots with 30 tons of biosolids/acre, four plots
with 45 tons of biosolids/acre plus 15 tons of wood chips/acre, and four plots with 60 tons of
biosolids/acre plus 30 tons of wood chips/acre. These plots are designated as "white" , "rd",
'oorange", "green", and "yellow" on the map, respectively.
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All sites will be monitorpd in a similar manner as with the previous biosolids demonstration
project, including the monitoring of metals and nitrates to a depth of five feet. Additionally,
microbial studies will also be conducted in conjunction with this work.

I would appreciate your approval for this additional work o be granted as soon as possible, as
we need to begin to prq)are the sites for fall planting.

-/-9 Yv
Director, Environmental Affairs

FDF:RLM:sb

Enclosures

cc: Robert Brobst, w/o att.
Lisa Rogers, w/att.
Mel Muir, w/att.
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Submitted to: Richard Jones

Kennecott Utah CoPPer
P. O. Box 525

Bingham Canyoq UT 84006-0525

Submitted by: R L. McNearny
S. J. Onysko
Department of Mining Engineering

University ofUtah
salt l-ake city, uT 84112

proposal: Extension and Completion of the Present Biosolids Demonstration Project

Introduction: The present ongoing biosolids study, initiated in 1994, has demonstrated a

substantial improvement in thJvegBtation support capabilities oftailings teated with biosolids

(McNearny, f'elS1. Incremental, -A rigninCant, improvements in vegetative growth can be seen

when ptor.rding irom the 0 (control) tJ the lO, 20 and 30 dry tons of biosolids application rates

utilized during the study. Further, additional improvement in plant growttr can also be seen in the

lime-treated test site as-compared with the two untreated test sites and the site treated with wood

chips prior to the application ofbiosolids.

However, even within test site No. l, which was treated with 6 tons of slaked limestone

per acre prior to ihe application of biosolids, significant numbers of "hot spots" exist within the

iest site. A..hot spot'; ian be defined ar * ar* where all the limestone was utilized by the acid-

generating material (the limestone is no longer visible), yet the pH ofthe location is still low

fnough sich that no pt-t growth had occuired, evenin plots where 30 tons Per acre of biosolids

had b-een applied. fven so]preliminary analysis ofthe biomass data from the initial study

indicates an overall signifi;ant differerrcc in iotal vegetative production in test sitc No. I when

compared with the remaining sites.

The nort logical step in the study of the tailings impoundment is to define the appropriate

method of lime t o.tr.nt that will be required to neutralize the higher lwels of acid-generating

material in conjunction with the demonstrated improvements in agronomicproperties ofthe

tailings due to the addition of biosolids. Lime will be disked into sdditiond test plots to three

give;depths so that different levels ofthe rooting zone of the reclamation vegetation will be

ilflurnr.d by the treatment. Thus, reclamation suecess, in parq will be contingent on the

protection of plurt roots fiom acid generation.

Further additional study with respect to frestrly-deposited tailings is appropriate for

completing the study, as well as the study of a site wiih a iouthern slope orposure for comparison
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to the initiat test plots. Mcrobiologicat properties of the tailings should be studied as well, since

microorganisms 8re one of the most reliable indicators of long-term reclamation success potential.

proposal: Three additional sites will be selected for lime and/or biosolids treatment. The first

site, labeled as site No. 5 (the map is attached), will be located on the south side of the

impoundment and will wrap to thl west side ofthe impoundment, fhis site has a sigrrificant

probl.r associated with acid-generation potential. Tlie proposed site c8n be seen as a yellowish-

or-g. linear feature .ppro*ir.tely half-way up the side of the impoundment. Three lime

treatmentswill be .ppUia and disked into this iite. fhe application rates of lime are based on the

acid-base account of 10 tons of lime per 1,000 tons of material, computed from prior sampling

and analyses (fuion., 1995). The lime treatments will be I I tons-limelacre disked to a depth of 6

inches, 22 tons-lim elacredirt 
"d 

to a depth of 12 inches, and 33 tons-limelacre disked to a depth

of lg inches. Four replications of each treatment will be used. There will be two control plots

where no lime is added. One application rate of 30 dry tons of biosolids per acre-will then be

applied over the entire site. ttre site will then be disked to a depth of 6 to 12 inches and seeded'

The second site, labeled as site No. 6, will also be located on the south side ofthe

impoundment. The treatment for this site will consist of a biosolids treatment similar to that of

the initial biosolids study. The site is important as it will serve as a south-sloPe compalson to the

,.{ n',t,\\ il,id test rites as well as to the two additional sites. Three additional "no till" plots will be added

," Y to test the effectiveness of planting directly into the biosolids. These additional plots are
" ltot' approximately one-half acre each and are designated as't'{I' on the map.

Site Z is located on the east side ofthe impoundment. This site will include four control

plots, four plots with 20 tons ofbiosolidJacre, four plots wilh 3-0 tons ofbiosolidJacre, four

plots-with i5 tons ofbiosolidVacre plus 15 tons ofwood chipdacre, and four plots with 60 tons

ofbiosolidJacre plus 30 tons ofwood chipdacre. These plots are designated as'\rhite," "red,"

"orange," "greetL" and'!ellou/' on the map, respectively'

Monitoring of all sites will conducted in the same manner as given by the inirial-biosolids

study, including biseline sampling prior to the addition of lime and biosolids. Monitoting *ill
include chemicil sampling --A tots to a depth of 5 feet, agronomic sampling biomass and

biodiversity msasurements, and metals andysis of plant tisnre.

Since the long-tenn sucoess ofvegetation establishment is highly dependent on

establishing a self-suitaining soil microbiJ population, monitoring of microbe sqecigg and their

activity otirtt seyen test sitis will be incorpbr*ea into the study. Further, the identification and

measurement of the physiologicat activities ofmicrobe species which may havc an impact on

acidification potential is atso important for understandinginsllu acid generationin the

impoundm.nt. rnr objectives and methods for accomplishing this task are attached as part of a

microbial pre-proposal zubmitted to the State.
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Budget: The study will be conducted over the next three years, beginning in the fall of 1995.

$1S,OOO.OO per year will be needed, for a total of $45,000.00 through 1998. In additioq a

$20,000.00 grant application to the state of Utah has already been submitted (attached), with

posiblr.*id in th; fail of 1995. If this award should be granted, substantially more detailed

work will be accomplished over and above the amount of work that would be accomplished based

on the $45,000.00 contract awarded by Kennecott Utah Copper. Further, if this biosolids

extension proposal is approved, then tire initial biosolids demonstration project will also be

extended itnough year iof the initial study with no additiond request for funds.

The budgeted monies will be used for student and investigator salaries, laboratory

supplies, travel expenses, and miscellaneous and publication costs.

References:

McNearny, R.L., "Demonstration Project for the Application ofMunicipal Biosolids to 
_

the Kennecott Tailings Impoundment," Interim report under state contract No. 95 1470, April 12,

1995.

furonymous. "Vegetation Report, Draft," Shepard'Miller, Inc., Ft. Collins, CO,

July 18,1995.
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Rescarch Prc-proposel: Eveluation of Microbiel community Activity In thc Kcnnecott

Teilings Impoundment, Mrgna' Utah

R L. McNearny, AssistantProfessor
S. J. Onysko, AssistantProfessor
University of Uatt
DeparEnent of Mning Engineering
3 l7 William C. Browning Building
SaltLake City, Utah 84112

Introduction: While the short-term goal of reclamation is to establish vegeative oover to prwent

erosion, the long-term goal is to esta6lish a self-susaining soil ecoslslem in-order to dispense with

additional reclamation costs. To accomplish this long-term goal, soil microbiological activity must

be established. If the organic layer at a mine waste site has been destoyed or has been heavily

contaminated by metab;then the only source of carbon for soil microbes is the plant biornass that is

expected to accumulate over several growing seasons. Sometimes this accumulation will take up to

30 years or more (Segal and ldancinelli, 1987). Until sufficientvegetative cover has been

established, the orgurization responsible for reclamation may have to amend spoils and soils with

the nutrients that will serve as a carbon souroe.

A study in southern Illinois found firngal populations in unreclaimed mine spoils to be only

I to2percent of adjacent agricultural soils (Sund-berg, et sl., 1979). Application and incorporation

of municipal seo,aje sludgJinto the spoil, for example, resulted in a ten-fotd increase in microbe

populations and aJtiuity. these increases were atfibuted to an increase in spoil pH and microbe

iooa suppty, and bettermoisture retention capacity. Another indicator of soil ecosystem reeovery,

the decomiosition rate, was found to increasi with the aging ofthe sludge-amended spoil (Segal

and lvtancinelli, I 987).
Soil microbiai communities have a wide potential for adapation, detoxification,

solubilization, immobilization, transformation and mineralization of potentially toxic maals

introduced or present in the soil @omsch, 1989). Given that soil microorganisms are an integral

part of the soiiecosystem, the results from this shrdy will be ur important indioator of the long'

range potential for reclamation success. The measures of soil microbiological activity that would

be most useful would be numbers of microorganisms, bacterial diversity, nitrogen fixation, and rate

of cellulose decomposition as 8 measure of miqobial community functioning (Seggl 8nd

ldancinelli, 1987).

proposal llescription: Measurements of soil microbial activity, as prwiously mentioned, will be

taken from a number of selected locations on and adjacent to the 5,600-acre ailings impoundment

- located on Kennecott Utah Coppe/s (l(UC) property. The choice of locations will be made based

on associated vegetation tpe,iength of time the locale has been vegetated, slopc asperc( and

tailings properti; such asacidification potential. These measured nalues wilt be compared with

one another and with other locations adacent to the impoundmen! such as ftom nahrrally-

occurring soils or from agricultural soili. Based on these comparisons, reclamation practices which

"nrour"ge 
microbial community development should be infened from the results of the study.

This research project will be olosety integrated wittr tn'o ourrentKUC tailingp

impoundment studiesi tfi - acidification iotential study, ftnded byKU€ 9d (Z) a biosolids

amendment study undei the direction of R L. McNearny, funded by EPA For orample, microbial



measurement samples would be taken adjacent to selected sampling sites of both shrdies. The

investigation of ta-ilings water content and orygen diffirsion, as provided from sfirdy (l), would

provide invaluable inJight into explaining microbial cellulose decomposition pattems in the

lmpoundment Conversely, identification of microbial species and decomposition activity may

heip explain varying patte; of acidification potential -snrdy (lF as well as help orptain microbial

*rn-unity esta6tistrment and function as a result of biosolids amendment -study (2).

Metcriel end Methods: Soil samples will initially be collected from selected sites for baseline

analpes and be again collected inthe late spring of eactr year of the study. Appropriate plating and

fermentation tube methods of microbial 
"nur.ration 

will be utilized. Serial dilution inoculations

in species-specific medig e.g., iron(I[) salts, glucose, cellulose, etc., will be *{ to quantiry

various substate-specificmicrootganis.s in the studied ailings/soil samples. Selected isolates

will be identified to the genus lwel according to the criteria outlined inBergey's Manual ol
Determinotive Bacteiofog. A\ebacterial divenity of the isolates will also be determined by

clustering them into groups according to their physiological characteristics, as outlined by the

methods ofwassel -a Miur (1983). Cellulose decomposition will be determined by incubating

five grams of the tailings samples in sterile flasks with a mineral solution and cellulose filter paper.

.eneiZS days, the filter-paper will be removed from the flasks, dried, weighed, and examined for

decomposiiion. Nitrogen hxation, which is especially sensitive to metals, will be evaluated using

an acetylene reductioriprocedure. All results will be anallzed rsing the Wilcoxin nonparametric

test for significance.

Study Obiectives:- 
(f i 1.o identi$ and quantiff microbial species, and to measure microbial decomposition

rates,
(2) to correlate microbial measuremen8 by location, associated vegetation, slope aspect and

tailings properties,
(3) toidlntiry historical and recent reclamation practices which encourage microbial

community develoPment, and

(a) if feasille, to rJcommend changes or additions to present reclamation practices to

further encourage microbial community developmen! and thus contribute to long-term

reclamation suocess.

Refercnces:
Domsch,I( Il, Tvlicrobiological Aspects of HearyMetal and Toxic Chemical Behavior in

Porous Medig" in Inorganic Contaiinants in rte Yadose hne,B. Bar-Yoset N. J. Barrow, and J'

Croldshmid, Eds. @erlin: Springer'Verlag l9E9), pp. 107-l2l'
Segal, W. and R. L. Mancinelli, "Extent of regeneration of the microbial community in

reclaimed spent oil shale land,' J. hviron Qtal. 16z 4448 (19E7).

Sundberg, W. J., D. L. Borders, and G. L. Albright, 'C'hanges in soil microfungal

populations in the palzo strip mine spoil following sludge application,' inUrtfizntion of Mwticipal

Sn*g, EfiIuent nd Sldge-onForat andDisturbedland,W. E. Sopper and S. N. Kerr, Eds.

(University Park, PA: The Penrsytvania State University Press, 1979),pp,463470'- 
W;ssel, R A and e f,. Uilts, nChanges in water and sediment bacterial community

structure in a lake receiving acid mine drainage, 'Mictob. fuoL9:155'169 (1983)'


